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Thesis summary

Study on utilization of artificial polymer membrane considering evaluation time for the development
of transdermal therapeutic system
— Including demonstration of the efficacy of polymer nanofilm —
Takahiro Suzuki

The permeability of drugs through the skin is typically limited, thus to create a transdermal therapeutic system
(TTS) with an adequate therapeutic outcome, it is crucial to screen and select the most promising drug candidates
from a pool of new drug compounds during the early stages of drug discovery. In instances where development proves
challenging, the formulation should be optimized using skin permeation enhancement techniques. However, due to
the substantial number of these evaluation tests, it is essential to predict skin permeation in vitro, as it offers
advantages such as a reduction in test time and control over experimental conditions. Artificial polymer membranes
are known to be highly effective in terms of data reproducibility, convenience, and material stability, in comparison
to both biological skin and 3D cultured skin. Additionally, artificial polymer membranes are deemed more effective
than biological skin when considering the evaluation time. The use of biological skin for long-term drug permeability
evaluation exceeding 24 hours is not recommended due to potential property degradation. As such, in constructing a
long-term evaluation system for TTS development, it is recommended to use artificial polymer membranes with
superior material stability, such as silicone membranes, to support the advancement of TTS. Furthermore, polymer
nanofilms (PNF), a new type of artificial polymer membrane with a thickness of nanometer order, have the potential
to be effective for short-term drug permeation tests in the context of TTS development, and may emerge as an
essential artificial polymer membrane to support TTS development. In this paper, we developed an in vitro evaluation
system using an artificial polymer membrane and worked on two research subjects with different optimal evaluation
times (“novel TTS development using drug supersaturation”, “High-throughput screening (HTS) for TTS
development”), and the effectiveness of the artificial polymer membrane for TTS development was investigated.
Furthermore, we examined the effectiveness of PNF for development of TTS by clarifying the details of drug
permeability of PNF.

In Chapter 1, we explored the feasibility of utilizing silicone membranes for extended drug permeation testing in
the context of novel TTS using supersaturation. Furthermore, to provide insights on these novel TTS using
supersaturation, we examined supersaturated conditions that sustain stable permeation enhancement for an extended
duration. An evaluation system using silicone membrane showed that the combination of ketoconazole (KCZ), which
has slow crystallization rate, and hydroxypropyl methylcellulose (HPMC), which has a strong crystal growth
inhibitory effect, maintained a kinetic solubility increase for more than 54 hours. It was considered that these
conditions could be expected to maintain a reliable supersaturated state for 24 hours and promote stable skin
permeation. Furthermore, the dissolved drug concentration was maintained around the liquid-liquid phase separation
concentration for an extended period, and increasing the area under the dissolved drug concentration-time curve on
the donor side was considered to be effective in increasing the cumulative amount permeated. Based on the findings

in Chapter 1, it was inferred that silicone membranes are efficient for extended in vitro permeation testing and can be



utilized for long-term drug permeation assessments lasting 24 hours or more.

In Chapter 2, we examined the effectiveness of PNF assuming HTS for TTS development. The drug permeability
of various artificial polymer membranes was evaluated by conducting permeation tests for 12 drugs with different
polarities with n-octanol/water partition coefficient (log Kow) ranging from -4.70 to 3.86. Compared to Strat-M® of
artificial polymer membrane, the PNF of poly(L-lactic acid) (PLLA) alone (PLLA PNF) and the PNF of polymer
alloyed PLLA and poly(methylhydrosiloxane) (PMHS) with a weight mixing ratio of 1:1 (PLLA/PMHS (1/1) PNF)
showed significantly shorter lag times. It was confirmed that nanofilm formation of the artificial polymer membrane
is effective in shortening the lag time. PLLA/PMHS (1/1) PNF provided very short lag times of 0.0450 hours to 1.34
hours for 12 drugs with different polarities with log Kow of -4.70 to 3.86. In addition, it was confirmed that the
PLLA/PMHS (1/1) PNF has high correlation with 12 drugs compared to the permeability of human skin (Pearson
correlation coefficient (r) = 0.929). PLLA/PMHS (1/1) PNF was confirmed that highly accurate skin permeation
prediction is possible. Furthermore, PNFs were considered effective for HTS for drugs with log Kow > 3.00 or log
Kow < -2.00, for which short-term skin permeation prediction is difficult with Strat-M®. Based on the foregoing, it
was clarified that PNFs are artificial polymer membrane that can be used for HTS of TTS development.

In Chapter 3, we assessed the changes in nicotine permeability upon the application of skin permeation enhancers
and explored PNFs that can predict the effects of skin permeation enhancers within a short period of time. Skin
permeation enhancers, namely Azone, Eucalyptol, N-methyl-2-pyrrolidone, and TWEENSO0, were utilized. Moreover,
to improve the responsiveness to Azone, we formulated novel PNFs via lipid treatment with glycerol monostearate
(GMS). It was confirmed that PNFs can predict the effect of skin permeation enhancers in a shorter time than Strat-
MP. Polymer alloying with PMHS to PLLA improved the responsiveness of PNF to skin permeation enhancers except
Azone. The reason for this was thought to be the increase in diffusion and distribution of the skin permeation enhancer
due to polymer alloying. Lipid treatment of PLLA/PMHS (1/1) PNF with GMS improved the responsiveness of PNFs
to skin permeation enhancers, including Azone, without compromising the significantly shorter lag time compared
to Strat-M®. It was concluded that the formation of GMS-derived packing structures within PNFs is a factor for
improving responsiveness. PLLA/PMHS (1/1) PNF prepared by lipid treatment with 60 mg/mL GMS solution (GMS
60 PNF) showed a similar trend of change in permeability to nicotine when skin permeation enhancers were applied
compared to human skin (r = 0.961). Therefore, it became clear that GMS 60 PNF is PNF that can predict the effects
of skin permeation enhancers in a shorter time than Strat-M®.

Based on the findings of this study, it is expected that silicone membranes will be valuable for conducting long-
term drug permeability evaluations of 24 hours or longer, as this is not recommended with biological skin. In addition,
the novel artificial polymer membrane PNF is anticipated to be highly effective for short-term drug permeation tests
due to its extremely thin nanometer-scale film thickness. The drug permeability of PNF can be controlled through
polymer alloying and modification via lipid treatment. Consequently, future research based on this study has the
potential to generate PNFs with even greater functionality, which will further increase the demand for artificial

polymer membranes in the development of TTS.
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